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REMARKS 



. 17. 18. 19,20.22, 28, 29. 30, 31. 32 .33 * ^ 

r.iaims <i. i • i ,£ -> _. . _ A anH diwj nave u^" 

36 4 4,77, 48, and 49 have been ^^^ZT W , 15-16, 21. 23- 
fmended. New Cairns 50-37 ^ ? J ^ ' No n ew matter has 

s^i:— rrsi-— ------- 

amended are respectfully requested. 

under 35 U.S.C. 112, seconu -- - t 
pa^lanypoinloutanddi^ycla-me-^ 

regards as the invention, ^ been cancelled 

The Examiner rejects d..m. 3 and 2. ^ ^ 

The Examiner rejects claims 5 and 24 tor P v 

The Examiner rejects cla.ms 12, 31 , and 0 

how many cros.es are to be performed by ^ ^ ^ 

neen cancelled. Applicant has amended cla.m 40. 

"'"' i "T h e E xamin e rrejectsc l aims30and47. Cms,- 

Examinerrejects 0,^33 ^33 has been canceiied. 

-r, , c ..sr s 112 FIRST PARAGRAPH 
REJECTIONS UNDER 35 USC J 1«. " f 35 y s c 1 12 , 

7 , The Examiner rejects claims 9-20. 28^4, and ^ ^ 

specfication in such a way as to reasona y ^ ^ ^ 

the invents), at the time the applicafon was Wed, P o 
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claimed invention. The Applicant traverses the rejection. Claims 11,12, 13, 14, 
17, 18, 19, 20, 28. 29, 30, 31 , 32, 33, 34, 35, 36, 47, 48, and 49 have been 
cancelled. Claims 40-43 have been amended. New claims 50-57 have been 
added. 

The Examiner rejects claims 9, 10, 28, and 29, that claim the F1 hybrid 
seed and F1 hybrid plant made with PH5TG as a parent. Claims 28 and 29 
have been cancelled. One of ordinary skill in the art would know how to cross 
PH5TG with another maize plant. The F1 hybrid seed and plant produced using 
PH5TG, regardless of the other maize plant used, is identifiable because it will 
have one set of alleles coming from PH5TG. One of ordinary skill in the art 
wouid be able to run a molecular profile on PH5TG and the F1 hybrid and be 
able to identify the F1 hybrid as being produced from PH5TG. Seed pericarp 
tissue, which is solely maternal in origin, can be used to discern the maternal or 
paternal origin of the allele sets if necessary. See page 16 of Poethig, R.S. 
1982. Maize, the plant and its parts. In: W.F. Sheridan (Ed.) Maize for 
Biological Research, University of North Dakota Press, Grand Forks, ND. pp. 9- 
18, submitted as Appendix A . 

As stated in the specification on page 16, lines 8-23, there are many 
laboratory-based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms 
(RFLPs) and Simple Sequence Repeats (SSRs). Such techniques may be used 
• ■"■ -I— *k„r or not PH5TG was used to develop a hybrid. Applicant also 

points out that any uiccuc, v , ~ , 

parents used to produce a hybrid. 

The Examiner rejects claims 14-17. Claims 14 and 17 have been 
cancelled- Claims 15 and 16 remain pending and are to methods of developing a 
maize plant through the utilization of PH5TG. Applicant points out that anyone of 
skill in the art would know how to utilize the well established breeding methods 
with PH5TG. Description of such occurs throughout the specification and 
descnptions can also be found in introductory plant breeding books. 
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The Examiner rejects claims 4043. Claims 4<M3 have been amended 
Cairn 40 is to the method of producing a firs, generation F, PHSTG-denved 
maize plant. Applicant points out that this Cairn ,s to a method and requests ; ,.a 
this rejection be withdrawn. Claim 41 is to the firs, generation F1 PH5TG-denved 
mai2 e plan, produced by the method o, claim 40. The first generation F1, or 
nybrid is identifiable through both breeding records and molecular marKer 
techniques as discussed above. Claim 42 is to ,he method of selfing the ftr* 
generation F1 PH5TG for successive filial generations. This is a basic and well 
Known breeding methodology, and the use o, this methodology with PH5TG is 
desenbed in the specification on page 20, lines 1 to 15. Cairn 43 is to plants 
derived from claim 42 that have at least 50% of their genetics denved rom 
PH5TG These claimed plants are dearly described by the,r method o. 
production, which requires the use of PH5TG. Such plants must be produced 
through the use of PH5TG and the Examiner acknowledges that PH5TG .s 
cieariy idented. Further, Applicant has added the limitation o, a. least 50/. 
inheritance from the PH5TG side of its pedigree to further emphasize the 
significant influence of PH5TG in the claimed product. Genetic inhentance has 
been accepted by both courts and governmental agencies as an accurate and 
reliable means o, identification. In paternity cases courts routinely compel 
genetic testing of putative fathers ,o establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
>.„ „ ores sitv for foundation testimony or other proof. 42 

U.S.C. 666(aK5)(F)(iUH»uuH. ■ 

inherit 50% genetic contribution from each parent. Similarly, the plants pro™— 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 

The Examiner states that, the specification does not desenbe any 
molecular determinants that one would need to idenUfy any genetic material as 
having been derived from PH5TG " Applicant traverses. As described in the 
specification, lines 8-23 on page 16, the seed deposit allows one of ordinal skill 
to run a molecular profile of PH5TG. Thus, one of ordinal skill in the art may 
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*e S , materia, .hey desire ,o use in breeding to determine if it « PH5TG. In order 
»o expedite prosecution Applicant submits the molecular profile of inbred tine 

* n;„,^r RhattramaKKI anacnwu iiciciu « : 

PH5TG , n tne aeciarauun ui i^nais^. <- 

B Further Applicant amends the specification to include such SSR profile. Such 
isR profile is not new matter, as it is an inherent feature of inbred line PH5TG, a 
representative sample of which has been deposited with the ATCC. For 
example, see E^rteMar* »DdPasa^. 214 USPQ 904 (1972, 
in which the Patent and Trademark Office Board of Appeals hekl that it was not 
new matter to amend the structure o. a compound when a more refined analytic 
Ration showed a corrected formula. The Board, relying on well estabhs^ 

u .. -jib cm -inns 140 USPQ 601 

cases of In re Nathan et at , 01 ow* iuu», ^ > -« 

0964)- UUZMimm, 487 F.2d 920, 180 USPQ 46 (CCPA 1973); Speroj, 
gingo]d, 54 CCPA 1407, 377 F.2d. 652, 153 USPQ 726 (1967), and Pefi^LA 
ftmriard et a,., 53 CCPA 1452, 363 F. 2d 903, 150 USPQ 669 ,1966), 
"products described, exemplified and claimed by Appellants 
inherently had and have now the structure given in the amendment in question. 
Consequently, the changes made in this amendment do no, constitute new 
matter. Mars* et 906. Similarly, in the present case, inbred l,ne PH5TG 
inherenfiy had and sfil, has the SSR marker profile being added. As descnbed 
previously, one of ordinary skill in the art can use macular markers to identify 
PH5TG a transgenic version of PH5TG, a backcross conversion of PH5TG and 
trie F1 plant of the transgenic version and backcross conversion of PH5TG. ^ 

particular traits does no. distinguish it from any other plant that expresses trie 
same .rate." Applicant points out that those claims referenced by the Exam.ner 
require the utitization of PH5TG to develop such plant. In order to expedrte 
prosecution the claims identifying progeny by traits have been cancelled. 

The Examiner also states that the morphological and physiological tra,ts of 
PH5TG progeny are not described. The test of written description does not 
require a morphological and physiological description. Rather, i, is whetne, 
subiec. matter was described in such a way to convey to one of ordinal sk.ll ,n 
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the art that the inventor had possession of the claimed invention. White PVP is 

^ *. ~ - — — 

r „i/,h in tho art consider iiiuwhv"" j~ 

indication that breeders 01 onjma.y ^ 

developed line are encompassed within the scope of the invention of the a ety 

ten, being protected in this manner. A» stated ,» ^ ■ 

invention may be comp.ete and ready for patenting Wore „a 

rftduced to practice." _ im 

" PH5TG-derived progeny are described by the fact that ^ 
in . breeding program to ma*e the PH5TG-de ri ved progeny, PH5TG , g.es 
eriet ic contribution to the PHSTG-dedved progeny, and the genehcs of PH5TG 
are de<cnVd by ATCC deposit of PH5TG seed. By l«ng the progeny to n 
Teed cross away fro. PH5TG and by «ng the progeny to those 
Il a. least 50% of their genetics tern PH5TG, the Examiner's concern that 
the breadth o, Cairns is no, adequately described is addressed 

The Examiner also rejects claims 37-39 under 35 USC § 112, first 
para gra P h Claims 37-39 are directed to growing out an F1 hybrid ,n wh,ch 
PH5TG te a parent and searching for PH5TG inbred seed. Due to the imperfect 
« of seed production parent seed can sometimes be contained mthe^ 

led^n aTag of hybrid seed. The method is clearly described in the 

specification on page , line 21 through line 7 on page 6 One of ord ^ 
L art can practice such a method without undue expenmentation. The Applicant 
quests that the Examiner withdraw his rejection to claims 37-39. 

' he Examiner rejects claims to transgenic PH5TG plants and PHSTG 
— comorising single gene conversions. New claims 50-57 are drawn, 
Methods and to the products produced by those methods. The claims ,,^ 
the well Known methods of producing Across and transgenic conversion 
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plants. The product by process claims are further limited by specified conversion 
or transgenic traits, which include the traits of insect resistance, herbicide 
resistance, disease resistance, waxy starch, and male sterility. 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH5TG are given in the application on 
page 21, lines 16-34, and also on page 23, line 19, through page 32, line 4. At 
the bottom of page 8 of the office action the Examiner suggests that the claims 
be amended to include a list of transgenes. In order to expedite prosecution new 
claims 51 and 55 list the type of traits that may be conferred by backcross 
conversions and transgenes. However it should be noted that PH5TG 
comprising a transgene, even if it is for a transcription factor, is distinct from 
another inbred line comprising that same transgene and still retains the benefit of 
Applicant's invention. Claim 51 also specifies that PH5TG is used at least twice 
as a recurrent parent in the development of a backcross conversion plant. 
Breeders, by using molecular markers, may obtain up to 98% genome identity 
between the backcross conversion and the recurrent parent after two 
backcrosses. See Marker-assisted Selection in Backcross Breeding, Openshaw, 
SJ. et al. Marker-assisted selection in backcross breeding. In: Proceedings 
Symposium of the Analysis of Molecular Data, August 1994, pp. 41-43. Crop 
Science Society of America, Corvallis, OR (1994) included as Appendix D . 
Inbred PH5TG transformed to comprise a transgene is also easily identifiable 
through the use of molecular markers. The transgenic version of PH5TG would 

marker used in the profile that is located at the site of transgene insertion. 
However, in this case, the plethora of other identical markers would identify the 
line as a transgenic variant of PH5TG. 

In the specification on page 4. lines 7-13, it states, "Backcrossing can be 
used to transfer a specific desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
carries the appropriate gene(s) for the trait in question. The progeny of this cross 
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REJECTIONS UNDER 35 U.S.C. § 1 1 2, FIRST PARAGRAPH 

8.) The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. 
Applicant traverses the rejection. 

Claims 18-20 and 47-49 have been cancelled and new claims 50-53 have 
been added. The Examiner states, "The specification teaches that single gene 
conversions, or introgression, of the disclosed maize plant through traditional 
breeding is contemplated (page 21, lines 16 31). However, the specification 
does not teach any PH5TG plants comprising single gene conversions, it is not 
clear that single genes may be introgressed into the genetic background of a 
plant through traditional breeding." 

The Examiner has cited Hunsperger, Kraft, and Eshed and stated that 
they "teach that it is unpredictable whether the gene or genes responsible for 
conferring a phenotype in one plant genotypic background may be introgressed 
into the genetic background of a different plant, to confer a desired phenotype in 
said different plant." The Examiner states that, "Hunsperger et a!, teach that the 
introgession of a gene in one genetic background in any plant of the same 
species, as performed by sexual hybridization, is unpredictable in producing a 
single gene conversion plant with a desired trait (column 3, lines 26-46)." 

Hunsperger et al. teaches that a gene that results in dwarfism of a petunia plant 
can be incorporated into other genetic backgrounds of the petunia species (See 
column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely discusses 
that the level of the expression of that gene differed in petunia plants of different 
genetic backgrounds. Hunsperger et al. succeeded in incorporating the gene 
into petunia plants of different genetic backgrounds, Therefore, Hunsperger et al. 
support the fact that one can introgress a specific trait into a recurrent parent 
through backcross conversion. Applicant's specification provides ample 
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disclosure of starting materials such as maize inbred PH5TG, a discussion of 
traditional breeding methods, and examples of transgenes and naturally 
occurring genes that may be used in such methods. Hailauer et a!. (1988) on 
page 472, submitted in the information disclosure statement, state that, "For 
single gene traits that are relatively easy to classify, the backcross method is 
effective and relatively easy to manage." The teaching of Hailauer relates 
specifically to corn breeding and corn inbred line development. 

The Examiner goes on to state that, "Kraft et al. teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotypic 
specific and loci-dependent in nature (page 323, column 1, lines 7-15)." 
Applicant disagrees that the article states such points. Kraft et al. make no 
mention of a plant comprising a single gene conversion or the use of 
backcrossing. Further, Kraft et al. relates to linkage disequilibrium and 
fingerprinting in sugar beet, a crop other than maize. Kraft et al. state, on p. 326, 
first column, "The generality of our results for other crop species needs to be 
investigated." 

It is understood by those of skill in the art that backcross conversions are 
routinely produced and do not represent a substantial change to a variety. The 
World Seed Organization, on it's web site, writes, "The concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 

Convention, essentially derived varieties may be obtained ror example uy u. D 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossing . or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety." international Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c), 
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(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the World Seed Organization web site is attached as Appendix C . 

An example of how one of ordinary skill in the art can transfer a o^p 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived inbred line fits 
into the same hybrid combination as the recurrent parent inbred line and 
contributes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that "Eshed et al. teach that in plants, 
epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may affect quantitative traits in genetically 
complex and less than additive fashion (page 1815, column 1, line 1 to page 
1816, column 1, line 1). The Applicant would like to point out on page 1816, 
column 1, lines 1-5 of the Eshed et al. article it states, "Recent studies that 
detected epistasis of selected QTL in Orosophila (Long et al. 1995), soybean 
(Lark et al.1995) and maize (Doebley et al.1995; Cockerham and Zeng 1996) did 
not show a less-than-additive trend." Emphasis added. Applicant also adds that 
transferring a qualitative trait does not require undue experimentation. Please 
note Hallauer et al. (1988) on page 472, submitted in the information disclosure 
statement, which states, Tor single gene traits that are relatively easy to classify, 

been amended to expedite prosecution, in ciaim o., m* aeiMW Ha „*, w ,^ 
PH5TG are now limited to the traits of herbicide resistance, insect resistance, 
disease resistance, male sterility, and waxy starch. 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 35 
U.SC. 112. 

REJECTIONS UNDER 35 U.S.C. § 102 and 103 
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9.) The Examiner states that, "Claims 13, 17, 32, 33, 36, 41, and 43 remain 
rejected under 35 U.S.C. 102(e) as anticipated by or in the alternative, under 35 
U.S.C. 103(a) as obvious over Luedlke, Jr. (U.S. Patent No. 6,153,817). u 
Applicant assumes that Examiner meant to cite U.S. Patent No. 6,137,036 by 
Segebart as indicated in the Office Action dated August 5, 2002. Applicant 
traverses the rejection. 

Applicant has cancelled claims 13, 17, 32, 33, and 36. Applicant has 
amended claims 41 and 43. Claim 41 is to the first generation F1 developed 
from crossing PH5TG with a second plant. Claim 43 is limited to progeny 
produced by the method of claim 42, which requires the use of PH5TG, and is 
further limited to progeny deriving at least 50% genetic contribution from PH5TG. 

The Examiner states that product-by-process claims may be properly 
rejected over prior art teaching the same product produced by a different 
process." PH2VK is not PH5TG, nor can PH2VK be created through the use of 
PH5TG with one breeding cross. Thus, claims 41 and 43 are not anticipated by 
PH2VK. As evidenced by the declaration of Stephen Smith submitted as 
Appendix F . both PH5TG and its progeny within the scope of claims 41 and 43 
are distinct from PH2VK taught in U.S. Patent No. 6,137,036. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 41 and 43 under 35 U.S.C 102 

the application. The amendments made herein do not in any way change the 
claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent. 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1-2, 4-10, 15-16, 21, 23-27, 37-43, and 50-57 requested. If it 
is felt that it would aid in prosecution, the Examiner is invited to contact the 
undersigned at the number indicated to discuss any outstanding issues. 
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Respectfully submitted, 
Vladimir Puskaric 

Steven CalMstein 
Reg. No. 43,525 
Attorney for Applicant 



Steven Callistein 
Pioneer Hi-Bred Intemationai 
7100 NW 62 nd Avenue 
p O Bov 1 000 
Johnston, IA 50131-1000 
(515)-254-2823 
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2 MAIZE - THE PLANT AND ITS PARTS 
R. Scott Poethig 

Department of Agronomy, Curtis Hall 
University of Missouri 
Columbia, MO 65211 

One of the greatest deterrents to an appreciation of plant morphology is. 
the terminology used to describe various plant parts. i his problem is 

omp unTd if the case of maize because of ^ A ^^^J^^ 
We all learn that plants have a vegetative body composed of stems, leaves 
l e d o a d that flowers contain sepals, petals, pistils and stamen.. 
MaL however" haf at least three kinds of leaves, two kinds of stems two 
kids' of roots, and two kinds of flowers m which glumes, lemmas and palea, 
SSJ the olace of sepals and petals. Fortunately, these parts are arranged 

f* 4lati"e'v «wfra«hinn, so the task of mastering maize morphology is 
not as difficult as it might seem. In tins article we^ rienuf, ^ ^ 
most important parts of the maize plant and """^.^.^^"T;*^ 
More detailed descriptions of the developmental morphology ^ of ^c^ave 
been provided by, a number of inves tigers. ^ — ^™e'nT' "T"he 

1 Qfto > (rives a good general piciure ul ui*i*c -- 

^nri Abbe and sleta (1954) A summary of the histology of the corn plant, 
written by Sass ta 1955, has been repnnted m the recent edition o, Com 

an d Corn Improvement (1976). 

The organization of the plant body : Maize is a ^^jL^ilZ^ 
family, the Gramineae, and as in all grasses, mos ^f r . t ^ n p /X mfL ckft 
tissue' (Fig. la). To appreciate the general orgamz ion of the ma*e ^ptant 
it i«s hfloful therefore, to see it m a leaf-less state uig- 
naked Semto plant is not very impressive , Its main stem, or culm, is a 
slender, seated shaft similar to a stal* of bamboo or J*f 

t£k a single leaf in a position opposite that of the ^ghbonng le af gmng 
the plant two vertical rows of leaves m a single P*™ 0^ 

Maize has unisexual, rather than bisexual flower. ^ ^Jjmin*te) 

flowers are located at «f (p ^ Sund* in^Te' to 

branched inflorescence. Female (pistillate, ™*eis iddl 
several compact ears, located on the ends of short branches near the miaaie 
of the stem (Fig. lb; 2). 

This oartitionine of male and female flowers in separate structures 

Appendix A 
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flower used as a female parent, an especially tedious job when each flower 
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i ' 1 

Figure 1. a) Mature maize plant (after Kiesselbach, 1949). b) Mature age 
g p ant, drawn without leaves and adventitious roots . The apiCcd 

end of the main stem (culm) terminates in the tassel, while the 
basal end terminates in the primary root (radicle) The ear shoot 
arises from an intercede near the center of the culm. 



few brancheT OnTy Velow^O to 12 mternodes of the stem produce 

tvDically produce a single viable ear shoot. In contrast, some vaneties 
may have several large tillers and may produce 2 ears on the mam stem and 
some ears on tillers. 

The stem: During the first four weeks _^^^ f ^ h ? e nl ^§ 
point~of The - stem lays down all tne nodes anu mLc^d., w ^T tem " is 
then differentiates into a tassel. At the time of ^*<>™f™ £| s f £* £ 
not more than 3-4 inches tall, even though the plant may be 3 4 feet in 
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height (Fig. 3^ Subsequently, the stem begins to elongate rapidly, with 
most of the growth occurring at the base of the interncdes. The lowermost 
6-8 internodes do not participate in this growth, however, and remain below 
ground where they produce the root system and tillers. These subterranean 
mternodes taper sharply towards the base of the stem, forming a distinctive 
region, the crown (Fig. lb). The stem is thickest, a few inches above 
ground, and tapers gradually towards the lascel. All the internodes from 
the top ear downward' have a distinct groove associated with the axillary bud 
at the base of the mternodes, inter-nodes above the ear lack axillary buds 
and are smoothly cylindrical. 




\ 



Figure 2. The major parts of the maize plant. Drawings m part from P. 

Weatherwax in Corn and Corn Improvement, 1955, and E. D. 
Styles et al. in Can. J. Genet. Cytol. 15:59, 1973; figure 
assembled by M. M. Johri and E. H. Coe. 
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The stem of an ear shuoi, 



12 



^anV (Fir. 2). differs from the 
.* -T'bekf VS^on^osri^s. "in d- inter; 



main stem in being relatively J™;' * »£ l ^<nilar in shape and size, and 
nodes of the shank are ^variable PJ^^^ace. Secondary car shoots 

tend to have a ^^^^^^J of naze, but are rare m most 
iv Awnr on the shank 01 severe , , 

. . . f^tjii^h'^ Af the aoicai em & yi^v^u^- . 

ciai strains umesa , C i L uu, u .— — — • 



commercial strains 




l.WM/ 1 // 

¥/ ( . 

wms/ 




/ ■ , fc ,i„ fw*t tall) in which the 

, a four week old plant (approximately 3 f^t tan; ^ ^ 

right, me stem is * — 

The tassel, « at the ^f^^ 
series-^oTlaTie branch « ^ ) c0 ^ branch point on a spike bears 
bearing branches (sjpjkelets. Fjg. 2) ^ } the other on a short stem 
two spikelets, one on a long stem ^g*^^' t prod uces two func- 
UJt) (Fig- 4a). Each of ' these pike leg, * * ^ and a piStll tn e 
tibSTflorets. Although tass el floret J c ont am ^ flore 

pistil normally degenerates soofl l after^ it ^ b&£e of the tasse i 

^!l m ^^^ and are quite 

common on tillers. 
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A B 



Figure 4. Schematic drawing of a pair of tassel spikelets (A) and a pair of 
ear spikelets (B). Note that the lower floret in the ear spikclct 
aborts early in development, p.s. - pedicellate spikelet; s.t>. - 
sessile spikelet; gl - glumes; le - lemma; pa - palea, fl - floret. 

Surrounding both florets on a spikelet are 2 leaf-like scales called 
glumes (Fig, 2; 4a), Within the glumes, each floret is individually enclosed 
in another pair of scales, one located adjacent to the glume (the lemma), the 
other located between the two florets (the palea ) (Fig, 4a). At anthesis, 
these scales are forced apart by the swelling of conical structures 
(lodicules) at the base of the 3 stamens, and the filamentous base of the 
stamens elongates, forcing the anthers out of the flower (Fig. 2). As they 
dangle downwards, the anthers shed pollen from openings at their tip. 

Pollen grains are the multicellular products of the haploid microspores 
that result from the meiosis of a microspore mother cell (microsporocyte) - 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and each forms a thick wall. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first division is asymmetric, 
and produces a relatively large vegetative cell and a smaller generative cell. 

• _ 4.u^. „v»T^rarive ce ^ divides to form two sperm cells. 

The ear : The ear is morphologically 
resemblance is obscured by differences in the relative size of their parts. 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due simply 
to the fact that during the formation of an ear floret, stamen primordia are 
arrested at an early stage in their development, while the pistil develops 
fully. Each functional ear floret has a single ovary , which terminates in an 
elongated style, or silk (Fig. 5). Within the ovary is a single embryo sac . 
The embryo sac is the product of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell- While its three sister cells de- 
generate, the nucleus of this cell divides three times to produce 8 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei 
( polar nuclei ) migrate to the center of the embryo sac where they become 
closely associated. The three nuclei remaining at the base of the embryo sac 
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subsequently undergo cellularization to form the e gg cell and two synereids 
while the 3 nuclei at the tip of the embryo sac prolif^tp to forlT24-48 
a ntipodal cells , 



e.s 




Figure 5. Radial longitudinal section of an ovary with an unfertilized 
embryo sac (after Randolph, 1936). Upon fertilization, the 
nucellus is digested by the expanding- embryo sac and the tissue 
surrounding the nucellus is transformed into the pericarp, si - 
silk; e.s. - embryo sac; nu - nucellus; in - integuments - 

The ear also differs from the tassel in that it has no major lateral 
branches. Its thick, lignified axis, the cob, is homologous to the central 
spike of the tassel. As in the tassel, ear spikelets come in pairs but in 
th» Mr thev are equal in size and only one of the florets in each spikelet is 

of equally sizea Kernes cq UI u bV ^ 

number of rows (or ranks) of kernels ranges from 4 to 30. 

The glumes, lemmas and paleas of the ear spikelets are readily visible 
m an unfertili2ed ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled . 

The leaf: Mai2e produces three kinds of vegetative leaves- foliar 
leaves,, husk leaves and prophyUs. A foUar leaf is located at each of~the" 
nodes on the main stem, husk leaves are located on the shank o* the ear 
shoot, and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig. 2). 
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flexible lamma is supoorted rvl -u ParaUel] longitudinal veins Thk 

cure located t the * t e ' e/^e ^ 

™T-K U,e ^ de ' P°ssesses fewer Wirurfir < thlcker and more riffid 

midrib. The sheath complete^ ffl SS *" d Iacks a ProminSr 
which lt is attached and maV ,J£SJ h? .^emode above the node to 

the mechanical support necessary to keeTthe V SheathS provide ^ of 
-ry between the blade and the sheath thL upr ^ ht - At the bound- 

tissue. In this region, the leaf Li 3 * 7 ^ tmCt hin ^ e of translucent 
onning an indentation in the leaf mar£n ^ narr °» sha ^ 

adjacent to this indentation i S known afih,? T dge ° f translucent tissue 
-liar of tin, tiss , e located i^sSe^S^ The ^ is the 

« ^tnT^^s^r^^ b t^xr aUy — * 

some .straws husk l ea ve 5 develop . ^ . 0Ccasi0naU >" present. In 

contrast to the leaf 5 hea?h husk l c t-^ nen ' ^ and ^ Made. In 

kaf is attached to a" u^ue 17- ^ a " d r ^ 

upper ones are arranged distichousiy Shank * and aU but 3 f<™ 

^^.^W but Hstini^b d St H m \ the super- 
and a split apex. The^e features Set th a r ^ tW ° k * els ^bs> 
lonarjy f rom the fugjon ^^^ff^ ^hat th e prophyll arose evolu- 

w stiU controversial, however GaLmat (19S^ f hora ^gy 0 f the prophyll 
prophylJ one of the basic units ofTat,?^ f° r exam P^> considers the 
mternode, leaf and axillary Sud ^ mor P hol ^y.- the others being the 

and ^Por *r p J^ 0 Z^£t*'^' c f bl0l °^ P^zy 

organ of the plant. Its h2t^^7t^rr^' perha P s a ^ oihS 

sheathed in a loose network of root can illf L a , peX of the root « 

* » 2one of cell division and ° LnStion h„ ^f'T^ hehhld the a P ex 
initiated. Larger lateral roots arise! ™™ ^ wh]Ch root hai " ^ 

Enckson (1979; 1980) and Green ( 1 97fi } fnl Q f Sh ° uM Consult and 
meters that m ust be taken in^^T^^s^ ~ P ^ 

r i,e Th and P X7 ^^buSs ^y ^ «** * 

system (compare Fig. 2a and b) Most of ^ 6 t0 the ultimate ™ot 
adventitious roots produced by the baVS^t SyStecl COn sists of 

pnmordia of a few rtvntitol^t!^™^^* °l the Stem " T ^ 
these emerge soon after Penning "J™^ Present m the embryo, 
quently initiated at the ba e of aT^M^ New . ^ Primordia are subse- 

oase of aU subterranean internodes, and also appear 
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initiated above ground are known as Tra^e root C ^-^> those 

^^^As^rL^^ f ? "Y«* ^et before turning 
«*ton 6-8 feet to 2^^^^ Z^r^ ^ * 

iS* a ^ r ° 0t SyStem ° f 3 malUre *> laiU has be ^ estimated to tee 

unavaS 17 ' ultraStr ™ - f <>™^on about this phenomenon ^ 

a ft^ T o he ij* iS r ? ceptiv / t0 P° Uen aIon S its ^tire length. Within 5 minutes 
5ii !f &ra f iands J on a Sllk « s*"is out a tube which penetrates the 
™tJ? gr ° WS d0Wn , wa , rd towards the ovary. During this process the 

IT. T leUS Lh u tW0 SpenS CsliE mi * rat * t0 rh * tiD °f pollen 

tube where taey remain throughout its growth. Upon reaching the embryo 

rllJL \ S Sermination, the end of the pollen tube bursts 

releasing the two sperm. One sperm nucleus fuses with the two polar nuclei 
m the center of the embryo sac to form a triploid cell that gives rise to the 
2wotT m A, Jft 6 ot % s P™ ™?teus f««s with the egg nucleus to form the 
zygote. As often as 2% of the time the polar nuclei and the etrtr nucleus arP 
fertilised by sperm from dofferent pollen grams, with the extrf speS Nuclei 
bemg somehow lost (Sarkar and Coe, 1971). This phenomenon, cXd 
faeterolertitaation, can lead to a non-correspondence between the genotype of 
the endosperm and embryo when the male parent is heterozygous. 

The development of the kernel following fertilization has been described 
fn ^ f 7 ^ d0 ^ h (1936 >" We wm 0nJ y note here that this process takes 
w-50 days and 1S accompanied by a 1400-fold increase in the volume of the 
embryo sac The growth of the embryo and the accumulation of food 
reserves in the endosperm is completed by about day 40, and the remaining 
10-20 days is spent maturing and drying. 6 

A mature kernel has three major parts: the pericar p, endosperm and 

- v ™i>r laver of the 

!LI^t matcrnal P arent - The endosperm and embryo represent tne next 
generation . 

The endosperm makes up about 85» D of the weight of the kernel and is 

2^ ♦ £ S °Ji rce , f0r the embryo for several da y s ^ it germinates This 
food takes the form of intracellular starch grains and protein bodies and is 

?St r itn? V r aryi 2? d6?reeS " d * f ^ent P»rts of the endosperm 
(Duvick 1961). In flmt-type kernels the concentration of starch and 
protein bodies 15 higher around the periphery of the endosperm than in the 
center giving the endosperm a hard, corneous external layer, and a soft 
granular center. In dent kernels, the granular tissue extends m th* crown 

£d«J!L? P V? S ° that iX coUa P ses U P™ drying and produces a distinct 
indentation. These two traits are polygenic in their inheritance and are 
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su^afsu^ f^ e f lC "T 8 f mi2e - -° ther COm endosperm traits, 
n U ™, as fIo ^y or shrunken, are single luutations and can *™t 

m either a flint or dent background. 




Figure 6. Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949). pe - pericarp; en - endosperm' al - 
aleurone; sc - scutellum; co - coleoptile, pi - plumule' ra - 
radicle; cr - coleorhiza. ' 

Much of our understanding of gene action in mai 2 e is based on the 
analysis of genes affectmg the pigmentation of the external layer of the 
endosperm the aleurone. This speciali2ed single cell layer is the only part 
of the endosperm capable of becoming intensely pigmented. Internal endo- 
-~ wnTT K<a OT V(a n ow or wn ite. 

The embryo is located on rne uiu.au 5iU c yi ^ , 
end of the ear, beneath a thin layer of endosperm cells Most of the tissue 

Sth Hi^- ry ° iS / art ° f the scuteUum ' a spade-like structure concerned 
with digesting and transmitting to the germinating seedLing the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scutellum. In a mature kernel, the shoot ( plumule ) has 5 to 6 
leaf pnmordia that are arrested at successive stages of development (Abbe 
and btein 1954). Surrounding the shoot is a cylindrical structure called 
the coleopUle. Upon germination, the coleoptile elongates until it is above 
ground and 1S then ruptured by the more rapid expansion of the rolled 
leaves within it The root is enclosed in a sheath of tissue called the 
coleorh iza Unlike the coleoptile, the coleorhisa does not elongate very 
much, and gives *ay to the radicle as soon as it emerges from the seed 
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RULE 132 DECLARATION 
Oh 

DR. DiNAKAR BHATTRAMAKKI 



Sir: 



I, Dinakar Bhattramakki, Ph.D., do hereby declare and say as follows: 



1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Plant 
Molecular Genetics from the University of Illinois at Urbana-Champaign. I ha 



ve a 



Bachelor of Science degree in Agricultural Sciences from the University of 
Agricultural Sciences, Bangalore, India. Since 1997 I have been engaged in the 
analysis of molecular markers for plants. I have supervised the Molecular Marker 
Applications lab at Pioneer Hi-Bred International, Inc. from January 2002 until the 
present. 



Repeat, SSR, marker data for inbred PH5TG conducted at Pioneer Hi-Bred 
International, Inc. The analysis of the SSR profile of inbred PH5TG may be 
accomplished without any undue experimentation. The SSR profile for inbred PH5TG 
is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art. 
SSRs are genetic markers based on polymorphisms in nucleotide sequences. The 
PCR™ detection of SSRs is accomplished by using two oligonucleotide primers 
flanking the polymorphic segment of DNA. Amplification is accomplished through 
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repeated cycles of heat denaturation of the DNA followed by annealing of the prime* 
to their complementary sequences at low temperatures, and extension of the 
annealed primers with DNA polymerase. 

4. Markers are scored following amplification and gel electrophoresis ot the 
amplification products. Scoring of marker genotype is based on the size or weight of 
the amplified fragment. While variation in the primer used or in laboratory 
procedures can affect the reported marker score, relative values remain constant 
regardless of the specific primer or laboratory used. 

5 " Primers that may be used to identify the SSR markers reported herein are 
oublicly available and may be found in the Maize DB on the Worid Wide Web at 
agron.missouri.edu/maps.html (sponsored by the University of Missouri), in 
Sharopova et al. (Plant Mol. Biol. 48(5-6):463481 ) and/or in Lee et al (Plant Mol. Biol. 
48(5-6); 453-461). Markers shown for PH5TG are the publicly available markers in 
the sources listed above for which PH5TG was tested and shown to be homozygous. 

6. Map information is provided by bin number as reported in the Maize DB. The 
bin number digits to the left of decimal point typically represent the chromosome on 
which such marker is located, and the digits to the right of the decimal typically 
represent the location on such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 

te ftnri the | ik e are punishable by fine or imprisonment, or both, under 

1 iu ~* ->K»h willful false 

Section wjki ■ w< — 

statements may jeopardize the validity of the application or any - 
thereon. 



Date: B Y- 




Dinakar Bhattramakki 
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136.61 
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l &i-f .\j t j 


Dhi116 


7.06 


170.00 


phi420701 


a. oo 


297.77 


hnla1194 


8.02 


140.77 


Dhi100l75 


8.03 


136.75 


hnla2082 


8.03 


136.20 


phtt 1 5 


8.03 


302.63 


phi121 


8.03 


93.90 


|bniq2046 


8.04 


320.35 


bnln1l76 


8.05 


225.59 


bnla1152 


8.06l 


156.64 


DhiOl5 i 


8.08 


94.161 


0hi233376 


8.09 


147.93 


bnla2l22 


9,Qi] 


219.19 


bnlal 01 2 


9.04 1 


161.54 


□hi032 


9 04 


236.63 


nhil08411 


9.05 


126.04 


nbi236654 


9.05 


117 08 


fenla1375 


9.07 


164.93 


•bnlal 1 29 


9.08 


294.80 


phi041 


10.00 


199.87 




10.02 


245.07 


phi059 


10-02 


153.35 


bnlq1079 


10.02 


I 172.22 


bnlal 655 


10.0c 


j 147.28 


Dhi301654 


10.0' 


\ 128.331 


Iphi062 


10.0' 


\ 157.81 


bnlg1074 


10.0! 


5 172.03 


bnlgl 185 


10.0" 


j 165.20 


bnlg1720 


1.09/1.11 


D 23644 


phi159819 


6.00/6.0 


B 124.44 
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... , ,_ _i„w» F»mi» an examination for 
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Article. 13 
Provision*! Protection 



» u. /. p*rtv shall provide «asure B designed to .safeguard the 

25; At ll**t he entitled to equitable re»un«ation ttam anv P««on who, 

party «y provme ™ _ ot 4», eiJ fUino of the application, 

persona who* the Dreede* h*« H Ot*».*S _-e rr 



CEMTEK ? 
THE RIGHTS OF THE BREEDER 

Article 1* 
Scone of the Breeder'* Eight 

fl) [Acts in r.« p» fl h of the r np, q,tln« Btirt.l l U) Subject to Arti £« " 
£J 1 i So SSl MU 1. WCt Of the pro p^t^ serial of the pro 

tected variety shall require the Authorization of the breeder: 
(i) production or reproduction <nultipUcatlon) , 
(II) conditioning for the purpose of propagation, 
(iii) offering for Sale, 
(lv) selling or Other narketing, 
(v) erporting, 

(vi) Importing, '- 

(„li) .tocklng for any of the P urpo3« .cntioaed in (1) to <vl), above. 

(b) ..lbt.M*r WMf -tto.i«ilo. .ubiect to condition* **d 

limitations. 

vai.ic>-jr vm-l* — — -i-ht in relation to tw m" 1 

hafl reasonable opportunity to ««ci»e his right in relation 

propagating 'material • 
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(3 > tActs In r espect of certain products ) Each Contracting Party nay provide 
that, subject to Articles 15 and 16. the acts referred to in items (i) to (vii) 
af paragraph (i)(a) in respect of products made directly from harvested mate- 
rial ol the pt0 i 0 .ii.ii vsriety ?*in ng within the provisions of paragraph (j) 
through the unauthorized use o£ the said harvested material shall require tne 
authorization of the breeder, unless the breeder has bad reasonable opportunity 
to exereiee his right in relation to the fiald harvested material. - 

< 4 > [Possible a dditional act* ] Each contracting Party -ay provide that, 'sub- 
ject to Articles 15 and 16, acts other than those referred to in items (i) to 
(vii) of paragraph (l)(a) shall also require the authtu lotion of the fer-ede>' ' 

(5) (Essentially derived and certain other varieties ! (a) The provisions of 
paragraphs (1) to (4) shall aUo apply in relation to 

(ij varieties which are essentially derived from the protected variety, 
where the protected variety Is not itself an essentially derived variety, 

(11) varieties which are not clearly distinguishable In accordance with 
Article 7 from the protected variety and 

(ill) varieties whose production requires the repeated us* of the protected 
variety. 

(to For the purposes of subparagraph (a){i), a variety shall be deemed to 
be essentially derived from another variety ("the initial variety-) when 

(1) it is predominantly derived from the initial variety, or from a variety 
that is itself predominantly derived from the initial variety, while retaining 
the expression of the essential characteristics that result from the genotype 
or combination o£ genotypes of ?he initial variety, 

fil) it is clearly distinguishable from the initial variety and 
(Hi) except for the differences which result froa the act of derivation, it 
conforms to the initial variety in the espression of the eseential characteris- 
tics that result from the genotype or combination of genotypes of the initial 
variety. 

(c) Essentially derived varieties may be obtained for example by the selec- 
tion of a natural or induced mutant, or of a co-aclonal variant, the selection 
o£ a variant Individual from plant* of the initial variety, backcrossing, or 
transformation by genetic engineering. 



Article 15 
jteceptlgns to the Breeder's Bight 

U) (Compulso ry exceptions ] The breeder's right shall not extend to 
(1] acts done privately and for non-COmmercial purposes, 
(ii) acts done for experimental purposes and 
(ill) acta done for the purpose of breeding other varieties, and, except 
where the provisions of Article H(5) apply, acts referred to in Article 14(1) 
to (4) in respect of such other varieties. 

loptional exception ] notwithstanding Article 11, each Contracting Party 
«*v. within reasonable limits and mubject to the safeguarding of the legitimate 

1 " t**i to anv 

own holdings, the product of the harvest which they nave dbuiuku u . ». 
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Marker-assisted Selection in 



1 TT* Ti ■ 



A><1CJL\CJ. UM JJICCtililg 

S. J. Openshaw 

Pioneer Hi-Bred Intl. Inc., P.O. Box 1004, Johnston, IA 50131 
S.G- Jarboe 1 

CIMMYT, Lisbon 27, Apdo. Postal 6-641, 06600 Mexico, D.E, Mexico 
W.D. Beavis 

Pioneer Hi-Bred Intl. Inc., RO. Box 1004, Johnston, IA 50131 

Abstract. The tockcrass breeding procedure has bean used widely to transfer simply Inherited traits into elite genotype s. 
Genetic markers can increase die efT«tIVene» n( backcroulng by 1} increasing the probability tf obtsnninj a fvHaMc 
conversion, and 2) decreasing lac time required to achle»c an acceptable recovery, Simulation and field results indicated 
that, for a gcnomi consisting often 200-cM chromosomes, basing selection on 40 or 80 marker* in SO BC Individuals that 
carry the allele being transferred cm reduce the number of backcrois generations needed from about seven to three. 



The bickcrws breeding procedure has been us ed widely 
to transfer simply inherited trmits into eljte genotypes. 
Usually, the Wit being iraniferred is controlled by a 
single gene, but highly heritable traits that are mar* compleitly 
inherited hive also been transferred successfully by backcross- 
mg; for example, maturity in maize (Rlnke And Semi, 1961; 
Shaver, 1976). Today, backcrossing is beins used to transfer 
gcr.es introduced by iuch techniques as transfomutloa or 
mutation iwo appropriate gennplaiin. 

Several plant breeding textbooks give good descriptions of 
the hadecrosa procedure (AUard. 1960; Fehr, 1987), A donor 
parent (DP) carrying a trait of Sntwtstis crossed to the recurrent 
parent (ICP), an clita lire that Js lackiat the twit. The F, Is 
crossed buck to the Rf to produce the BC, generation. In the 
DC, and subsequent backcross geoeradoni. selected indlvldu- 



%Rf shown in Table 1, and have largely ignored the genetic 
variation for ftRP thic exists around the expected mean. With 
the development of genetic markers Capable of providing good 
genome coverage, there has been interest In taking Advantage of 
that variation to increase the efficiency of bwktroismg. 

Selection for RP marker alleges can increase greatly [he 
effectiveness of bacterosj programs by allowing the breeder to 
1) select backcross plants that have a higher proportion of RP 
genome, and 2) select backcross Individuals that are better 
conversions near a mapped donor allele being transferred (i.e., 
select for less linkage drag)- Expressed inpracneij terms, using 
genetic markers to assist backerossing can 1) increase the 
probability of obtaining a suitable conversion, and 2) decrease 
the rime required to achieve an acceptable recovery. 

Issues W consider whfin planning a marker-assisted back- 



wjth each generation rf backcrosslng.Ijrnoring effaces of link- 
age to the selected DP allele being trajufcired. the percentage 
recurrent parent {VeSP) genome expected in each backesoss 
generadon is calculated as; 

%RJ>a. 100 [I -(O S)*"] 

Where n is tht number of bflckcigsse*, 

Bsckerossing of selected plants to (he RP can be repeated 
each cycle until a line is obtained that is essentially a version of 
the RP that includes the lntrogtMsed allele. After six back- 
crosses, ihe expected recovery is >99% (Table 1). 

Until recently, discussions of the recovery of thcR? genome 
during backcroMirtj have emphasized the expected values for 

'Pormoily «W> PiWw UniwrtWy, Wert Lar./T<f°. brt 
Analysis of Molecular Marktr Data 



the number oc genotypes w evaiuare, »n uii& nywiii ™* 
results from previous literature, computer simulation, and em« 
pirlcal studins to provide some guidelines. 
T»bl» 1. t&ptctid rt«»ery nfrinumnlpartM {Rf) ftwmt during 
tmekerdtfing. hjiuihUj m Hfivge to the pn» biir\g muuftwiA 



CflDCnltno 



BC, 

BC, 
BC, 
BC, 
EC, 



Appendix D 



50.0000 
75,0000 
87.5000 
93.7500 
96, 8^0 
98.4375 
99.2 J US 
99.SQ9* 
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j^ptenais ana meiuuiu 

■ The majze genome was the mOdd for the simulation. The 
, tifnulated gcnQmftcotiialijed(en200-cMchromosorft«S. Simu- 
jjfion of crossing over was based on a Poisson distribution with 
.. yflaan of 2.0 (X = 2) (Hanson. 195$), which, on average, 

" j .2.-.. c 1 fin +\A 1-^*4, Thr-iimiila- 

gSnBl a{BU mi? tlVW wci ivi ww; luu-ui'imnjiiii ............ 

dons Teponed here asiurne no intwterencB. Codorniiwrt j*e- 
" netic markers were evenly distributed in the scnDrnc and sites 
of (he donor gene were randomly assigned 10 genom a locations. 

• Simulations were conducted with the fo [lowing parameters; 

Number of progeny: ]0Oor500. 

Backnoss generations: BC, y "BC,, and BCj. 

Number of markers: 20, 40, 80, or 100. 

Number selected to form the naxlBC generation: J or 5. 

Selection was based on 1) presenceof the donor allele and 2) 
high ftKF). foRP was t adulated as the average of the (one cr 
five) Selected individuals. Values presanmd are the mean of 50 
' jimulfttion*. 

Senilis 

In the computer simulation study, all methods modeled 
'■ peaty increased the speed of recovering the fcP genome 
' comparer! to the wpcctsd recovery with no markcf-assisicd 
'• selection (compare TbMes 1 and 1). At lewt 80 markers were 
required to recover 99% of the RP genome in just three BC 
' generation* (Table 2). Use of at least 80 markers and 300 
; progeny allowed recovery of 98% RP in Just two BC genera- 
tions. Response to selection was diminished only slightly by 
spreading the, effort over five selections. Using markers, the 

• numhrrofbackcrossgenerationsneectedto convert an Inbred Is 



reducrd frD™ sbou' v v *s ^ '.hrc. 

By the BC, generation, there appears to be no practical 
advantage to using 500 vs. 100 individuals. If the presence of 
the donor trait In the bacKctCSS individual* can be ascertained 
before markers arc genocyped, then only half the number of 
individuals indicated in the tables will need to o* aflalyied. 

When » small number of markers arc used, they quietly 
became nOn-informativo: i.e., Selection causes the mark* loei 
to became fixed for the RP xype before the feiit of the genome 
Is fully converted (Tabic 3: Hospital er al., 1992). This *ituadon 
was mosi prominent in me larger populations, where a higher 
selection intensity pUced more selection pressure upon the 
marker loci. Accordingly, it is of interest to considar how 
closely the estimation of %RP based on markers reflects the 
actual genome composition. The combination of estimation of 
%RP based on fewer markers and subsequent selection tends to 
bias the estimates upward (compare Tables 2 and 3). 

The results from tb* simulation compare well with real field 
data. In a rypiwl c5tarDptc,S0BC l plants carrying the gene bcjne 
iranaferred wm gfinotypcd at 83 polymorphic RFLP led (rota 

ihal ihia Bonupunds to a papul»S«n SlW Of 1 00 unseleuled 
plants in Tables 2 and 3). The five best BC recoveries had 
rjrimated %RP values of 85,9%. 82.7%, 82-0%, 81-4%, and 
Bl.2%. After evaluating 10 BC, plants from each selected BC,. 
Oic beit BC, recovery had an estimated %RP of 94.6"n. 

Discussion 

The simdmions (Table 2; Hospital et al., 1992) tod our 
experience indicate dial faurmarktts per 200-cM chromosome 
is adequate to greatly incrcsse the effectiveness of selection in 
the BC . However, using only four markers per 200 cM will 
likely make if very difficult Rj map the location of the gene of 
interest, Adequate *ummarwahDP of the data is an important 



Table 1 Ptrtirtt reeu/ftnl parent genome durini mrktr'asiuled bacieraquif. 



Gffltraflon 



BC, 
BC, 
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N*. markrn 
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M 1M 
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40 
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10D 
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64.5 


84.5 


84.2 Bid 


B99 


9a7 


902 
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95,2 


. 95.8 97.2 
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9S.5 
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99.4 


99,5 






rTvc jtketed 
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TalU 3. Estimates afptrtttu nmrrm oarrni famm. bvtd en marker lad. 
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Guwridan 


20 


40 


H 10ft 


» 


40 




100 


BC, 


95.7 
1000 


?78 
99.8 


Out itUtitd 

95.6 97.2 
99.3 99.5 


100.0 
100.0 


99.1 
100.0 


98.6 
99.9 


98.0 
98.2 


BC, 
BC, 


96,4 
999 


9&S 

99.8 


FhH ttltcltd 

96.2 95.8 

99.3 99.1 


100.0 
100,0 


93.5 
IC0.0 


9B-3 
9S.9 


98.2 
99.8 
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thRdhickcrosi Droaniiri.Idwdly, the mark- 
£ us ed ca& * upp ly data that can be reprcscnEd as alleles of loci 

■ ^Jth known map position. Estimation of SHIP, snipping the 
position of the lo«w of interest, and graphical display of the 
Aula (Younjj and Twkslcy, 1989) are *n useful in uflder- 
nanding and controlling the specific baeJcerott experiment 

.kvinf conducted. 

' ""Yappeaxs that, with the us* of generic markers, the portion 
, of the SP genome that Is not linked to the allele being bans. 
. .fcfftd can be recovered quickly and with confidence. The 
recovery of KP will bo slower on the chromosome carrying the 

■ ttM of interest. A conridcrtble amount of linkage drag is 
: ttpOCted to accompany selection for the DP allele in a baek- 
.cross program. For a locus located in the muddle of • 200-cM 
chromosoDic, tbc Jcu B th of the DP chromosom* s^ntac- 

■ eompanying selection is expected to he tt<\ 63, and 28 cM in 
: the BC , BC„ aad BC. generations, respectively (Hanson, 

■ iQSg-.NaveiraandBarladilla. 1992). Our abietvations support 
'tbfcTMomrwndation of Hospital et si. ( 1992) that preference * 
' riven to the selection for rccomblnana proximal to the allele of 

'•' jaterest, bat that selection for recovery oftfttKP elsewhere in 
to: genome alio be considered. Thi* two-stage selection can 
arobibly he done quite effectively ad hoc by the breeder once 
: the data is adequately summarized; however. Hospital ci at. 



sub pest ways to Incorporate the two criteria, into a selection 
index such that each component of selection is assured appro- 
priate weighting. f 

Ustof genitie markcrscan greatly increase the effectiveness 
of backexosrine;, and ihcy should be used in any serious back- 
croninB program if resources are available to the breeder. 
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1. 



I, Stephen Smith, PhD., do hereby declare and say as follows- 
I am skilled in the art of the field of the invention. I h ave a Ph .D. in Biochemical 
Systernat.es and Taxonomy of Maize and its Wild Relatives from Birmingham Un,ver $ ,ty , 
have a M.Sc. in the Conservation and Utilization of Plant Genetic Resources from 
B-rmingham University, , have a Bachelor of Science degree in Plant Sciences from London 
Un.vers,ty. Since 1977 I have been engaged ,n the development, study and application of 
molecular markers to genetics, measuring genetic diversity and tracking pedigrees I 
commenced this work at North Caroline State University as a post-doctoral research fe„ow , 
have continued my engagement in these studies during my employment by Pioneer HhBred 
rom 1980 until the present. These studies have resulted in numerous scientific articles that 
Have aoneareri in near revinwed srientifin lifarattnt 

fet paragraph, „ containing subject matter which was n* described i^e spIZtion In 
such a way as to reasonably convey to on e skilled in the relevant art that the invents) a. 
the t,me the applicalion was filed, had possession of Ihe claimed invention 
3. I have conduced an analysis of Simple Sequence Repeat, SSR. marker data for base 
inbred PH5TG and three backcross conversions of PH5TG. Two backcross conversions 
were developed for the trail of insect resistance and one backcross converse was 
developed for the trait of herbicide resistance. 
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4. The SSR data for 457 base inbreds and i03 backcross conversion inbreds, including 
PH5TG and the three backcross conversions were used in the analysis. The number of SSR 
markers for each inbred used in the analysis was between 15 and 87 (mean of 82 ). The 
_i. ~~ ^r^r-ifioH ir. th D r-mhiL-vatinn h\i Rerrv fit rI rAssessina Probabiiitv of 
Ancestry Using Simple Sequence Repeat Profiles: Applications to Maize Hybrids and 
Inbreds" Genetics 161:813-824. 2002), with modification as described in Berry et al., ( 2003 ); 
Assessing Probability of Ancestry Using SSR Profiles: Application to maize inbred lines and 
soybean varieties. Genetics (in review), a copy of which is attached hereto. 

5. The results of the analysis indicated that through the use of SSR markers PH5TG was 
identified to be the recurrent parent of each of the three backcross conversions of PH5TG 
over all the other inbreds in the data set. The probability associated with the identification of 
PH5TG as the recurrent parent of each backcross conversion was calculated as 0,99. 

6. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

D^ JfkJUJt^} By: //, ,4l^~"~~- 

Stephen Smith 
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Determining parentage is a fundamental problem in biology and in applications such as 
identifytngpedigrees. Difficulties i« deriv5 from " rta " i¥e 

■ ...«!.: » -,.mKor r»f Vi\mprvariahlf; loCll 

, .• „ n t»~A nr nlflrtrtWl! USinff an inSUlUClCUL uumuw . 7r - 

the population, wiK-uivi m<uuii'v. t — t 

and from allele mis-matches caused by mutation or by laboratory errors that generate false 
exclusions Many studies of parentage have been limited to comparisons of small numbers of 
specific parent-progeny triplets. There have been few large-scale surveys of candidates ,n which 
there is no prior knowledge of parentage We present an algorithm that determines the 
^r-t-e ™ ...wnwnnccs where there is no prior knowledge of pedigree and 

. . _ , j ~a m -. e .twA data. The Focus is parentage of an 

which is robust in the tace oi misbius 

inbred line having uncertain ancestry The algorithm is a vanauon of a previously published 
hybrid-focused algorithm Wc desenbe the algonthm and demonstrate its performance in 
determming parentage of 43 inbred vanencs of soybean that have been profiled us.ng 236 SSR 
loci and from seven inbred vanet.es of maize .bar were profiled usmg 70 SSR loc. We mclude 

s ,mulabcns of additional levels of rmssing and mis-typed data to show the algorithm's utility and 

flexibility. 
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The determination of parentage using molecular marker data has been little addressed for 

... i,^,„iarW- rtfTW!»ntfl&(* nr when larpe-scale survevs 
siiuanons wnere incic nuic ui nu pnui. «v- s — r 0 -, -- - ~ 

involving numerous candidate parents are required. Consequently, wc have recently developed 

- i ..^o j„i 0 ^imnij nmhnhilifv nf narrntase for hvbrids in 

i\T\ aiszontnm anci msnioii&iiflicw u^^- m u^i^nim***^ - r ^ 

circumstances where there is no pnor knowledge of pedigree and which is robust in the face of 
missing or mis-typed data (Berry el al 2002). We now present a variation of this algorithm that 
allows determination of parentage for inbred lines or homozygous varieties. 



We describe and evaluate a methodology that quantifies the probability of parentage of 
u-^,.™..* ft *„ rt tvn« Our algorithm takes into account that generations of self-pollination 

JUJlilV. .}£,<■•"-"-■ £~"*"J K — •■ — w?~ 

after the initial parental cross. The number of generations and the initial parental genotypes 
unknown. Bach generation of inbreeding reduces the number of heterozygous loci in the 
progeny by an average of 50%. Thus, each of the inbred progeny individuals resulting from the 
initial parental cross will have lost approximately half of the parental alleles for loci where the 
inbred parents were fixed for alternate alleles and which were heterozygous in the Ft generation. 



occur ; 



are 



The loss of parental alleles during the inbreeding phase is in contrast to the case of a hybrid 
progeny. An inbred progeny individual will exhibit a lower level of allelic similarity to either of 

alleles during inbreeding might be expected to make an inbred algorithm less robust in the face 
of missing or mis-typed data compared with the hybrid algorithm that has been previously 
described (Berry el al. 2002). We therefore demonstrate the effectiveness and robustness of the 
inbred algorithm using examples from two species of cultivated plants. We first tested the 
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algorithm using varieties of the naturally self-pollinating, inbred crop, soybean [Glycine max. 
. , , ^, • i— u,^,,™ n „mprmn vnripries of sovbean with known pedigrees 

(L.) M&tT.\. 1 D1S tlUp W«S 8WW»IV<U VWbUUJv im...-. ^ - - 



were avai 



lable to us, many of which are closely related. We also used publicly bred mbreds of 



r wi fi^^,r„ ^aHJm-pp Mar/(> is naturallviin outcrossing species but 

maize {Lea mays l-.j ui<u VA ^n/v>n KW »^— - - - 

inbred lines are most usually generated for use as parents of commercial hybrids. Inbred lines are 
generated by making successive generations of self-pollination following the initial bi-parcntal 

cross. 

MATERIALS AND METHODS 

Algorithm: The algorithm is a variation of the hybrid version of Berry el ai (2002). Consider an 
index inbred whose parentage is unknown or in dispute. A database containing possible inbred 
ancestors is available. The objective is to find the probabilities of closest ancestry for each inbred 



in 



the database using genotypic information from a large number of SSRs. 



Consider a pair of possible ancestors, inbred / and inbred;. We calculate the probability that 
inbreds i and.; are in the index's ancestry, repeating this for all pairs of inbrcds in the database. 
Let PU.j\SSRs) stand for the posterior probability that l and; are ancestors of the index given the 



..1 ^ TiT-rtlriViiiitv nf 



the same event and let P(SSRs\i.j) be the probability of observing the various SSR results if in 
fact i and./ are ancestors of the index. Just as in Berry et ai (2002), Bayes' rule relates these 
various probabilities: 
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, = P(SSRs\i.,YP(iJ) I nP(SSRs\u,vrP{u, v )}, 



where the sum 



in the denominator is over all pairs of inbreds in the database, indexed by « and v. 



„~ r i. : .„ j .- Mfin mak-e thn "no-mior-information 

XX7., tn ralmlAtft HiSbKSU.I) lOt CdUl i " * ..- r 

V¥ W — — \ I - ' 

assumption that P{iJ) is the same for all pairs (y). Then P{u,v) is a common multiple in the 
denominator that cancels with P(y) in the numerator: 



IS 059 



P{ij\SSRs) = P(SSRs\ij) ! ZP{SSRs\u lV ). 

i._:„.,i D/ccPri?" A thr» nrohabilitv of observing the index's SSRs 

The problem is to caicuiait; a lyH 1 ^* 1 ^ v jiJ1,J i^ / » r " " " 

assuming inbreds i and; are both ancestors. The nature of breeding before .he self-pollination 
process is unknown. Since the creation of an inbred proceeds by multiple generations of self- 
pollination on a hybnd, we label the (unknown) hybrid used to create the (Known) mdex inbred 
as the interment* hybrid. When the intennedtate hybrid is an immediate descendant of i and;, 
i, re ce,ves one of inbred f, alleles and one of inbred/s alleles. When the intermediate hybrid is 
a seeond generation descendent of / andj, it receives one allele from each with probability 0.5. 
And so on. Since degree of ancestry (if any) is unknown, we label the actual probability of 
passing on one of these alleles to the intermediate hybrid to be,. As in Berry et al. (2002) we 



When inbrcds , and j are ancestors then there are four possibilities: (1) the alleles of both i and; 
were passed to the intermediate hybnd, (2) / came through but not,, (3); came through but no. i, 
and (4) nether came through. Assummg independence, these have respective probab.h.iesp 2 . 
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P(l-p),p(l-pl (1-pf. An a,)e,e ,n the intermediate hybrid's genotype , hat did not arisc frora 
either inbred / or mbredy is assumed to be selected with probability l/„, where , is the l0 , a , 
numberof ailcles a, ,h= SSR i„ question. So far the steps we have desenbed are identica. ,o those 
for ide„.ifyi ng the ancestors of a hybrid desenbed by Beny « (200 2) and, ,n fac, if the index 
» heterozygous at an SSR then calculations proceed just » for hybnds. Calculations are 
substantially different when the index inbred is horao.ygous, say genotype m . Cases tha, mus, 
be considered are shown in Table I , where x is any allele different from a (bu, not missing). All 
alleles other than a can be grouped because only a appears in the index's genotype. For example, 
xx might be be or Ad or bh 



P(SSR\i,j) is the probability of observing the index assuming inbreds , and) are ancestors. The 
calculanons for SSRs 1 to 6 are show. ,n Table 2, where the four terms in each case are ,n order 
of (1), (2), (3), (4) defined in the previous paragraph. Missing alleles are not considered in the 
examples above. The number of possibilities is large. Here we consider only the case in which 
inbred i is an and both alleles of inbred j are missing. Then 

P(SSR\ij) = p '(l/ 2+ I/2>lM) +p n-p)(i/ 2+1 /n'l/2) + pO-p)(I, n ) + (l- p) > ( „„) 



marker mn on individual DNA sample. Th,s can be due to SSR loetis duplication, homology due to 
alloploidy, more than one individual plant being sampled for DNA extraction or cross-contaminatton. In 
■his case we consider all possible pairings of the observed alleles and calculate using a multiple 
imputation procedure (Little and Rubin, 1987). 
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To find the overall P{SSRs\ij), multiply the individual F[55R\iJ) over the vanuui SSRs. To 
determine the probability that any particular inbred, say inbred i, is the closest ancestor of the 
index, sum F(SSj\\i,v) over a.!! inbrcds v with v Cat! this FU\SSRs). The maximum of 
P(i\SSRs) for any inbred / is 1 . But since there is one closest ancestor on each side of the family, 
the sum o[P(i\SSRs) over all inbreds / is 2. 

SSRdata: Soybean DN'A was extracted from 490 varieties, all of which were bred in, and are 
adapted to, the United Staffs Plani material for DNA extraction was sampled from six plants of 
each variety. Most of the varieties are proprietary product? of Pioneer Hi-Bred International. 
Several (non-patented) commercial varieties from other breeding companies and some important 
publicly bred varieties were also included. Procedures for obtaining SSR data from soybean were 
identical to those described for maize by Berry et al. (2002) apart from the following 
modifications: PCR products with different size ranges and labeled with different ftuorochromes 
were pooled and diluted 1 :9 with capillary electrophoresis buffer (Applied Biosystems) then 1 :4 
withdH20. I.5ul of pooled DNA were added to lOul formamidc containing the molecular weight 
size standard 400HD ROX (Applied Biosystems, ROX - 6-carboxy-X-rhodamine). Fragment 
separation was performed usins^ capillary electrophoresis on an ABI3700 platform (Applied 

< e a aaa „„„ ..» 7 <;nn v 

Forty-three soybean varieties that had both of their parent varieties also included in the dataset 
were assigned as index varieties. One to two and occasionally three grandparent varieties of 
several of the index varieties were also included in the dataset. These varieties collectively 
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that is currently grown in the United 

represent a broad array of diversity ot soyocn 



1 ™=.-rv*«lftcm 



States. 



i^ui^ ^ii^pan SSK markers 



Two hundred and thirty-six publicly avsm 

, - .H^emor'trate and evaluate the algorithm. These 
(http://soybase.agron.iastate.edu/) were u„cd to d=mon..r 

of soybean. 



^ P »ithoui knowing the identities of the soybean genotypes. 
All allele scores were made without Knowing 

Thls arrav ofpubuc .breds — seven inbreds ^ M34. MoH, V«. V* and 
W^tHateachhaveSSRprof.esrortheirparentaninesinclndedinthesantedataset.Ureeof 

, , h fmm , hreedine cross of two unrelated parents. These are: Mol 7 
these inbreds were developed from a brteom^ cr 

Oh07B,Pa9Ua„dWM A w, 1 iehwasW & on lt hee r o 5S ofWF 9X C,, 8 7. 2 .O,her,nbred 
prog e„ y had .ore e„ mP .ex pedigrees. One inbred (Va 3 5)wa 5 bredfro m the croS sC,03xT8 

^^^^^^^^^^^^ 

bre d ft orn.hecros S Mt«xB 1 4fo 11 ow i n g addU,ona,crcssesofB14a S the recurrent parent. 
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, - r i.u^jc /WFQ x Oh40B) and (38-11 x 
P3 91 was bred from a complex cross mvolv.ng .our u.u.vd, V WF. 

L317). These seven progeny inbrcds therefore provided an mde* set of maize u-b-cfc tor 
evaluation of the inbred algorithm. 

RESULTS 

Data , ua H«y : The soybean SSR data that -re used to evaluate the algon.hm had a mean of 
5.5% (range 0-19% loci, miss.ng data per vanety For parent-progeny triplets, there was a mean 
„r,.,% loei (range 0-5%) where a progeny profile w„ scored for an allele that was no. 



tepres 
mean 



The maize SSR data had a 
scnted by either of the seed sources that reprebemw h" - - 



of 0.7% missmg data (only three genotypes had m.ssing data; these were a, elevated levds 
of 5r„, 9%, and 36%). A m ean of 6.4% parent/progeny triplets (range 4-7%) had SSR progeny 

the original parental genotypes. 

Probability of aocestry W IM *» soybean ^ 1 and 2 ** ****** * 

eioses. ancestry of the top rank.ng vaneties for each of 43 soybean varices usrng data fan, 236 

marker loci atf. - 0.50 (Fig 1) and atp ■= 0.99 (Fig 2). 

When the aigorithm was used a, „ - 0.5 w,,h data from a„ 236 loci (Fig 1), .hen 24/43 (56%) of 
,„dex variet.es had both parents correctly .den.if.ed in ,he .op two ranked positions, 12*3 (28%, 
h s doneparcnrco r rec,lyp 1 acedinoneof«he.o P .wopos,,ions,and7/43(16%)hadnoneof.he 

at ,„al parents ass.gned in.o the top «. ranked pos.tions. Thus, when, = 0.5 was used, 60/86 
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-^u^nVpri in the too two positions and 26/86 (30%) 

(70%) of actual parental varieties wcm «»iv*«j - - ■ 



@064 



were 



incorrectly placed in lower positions. 



n if A?*-., fiMi nil 23ft loci fdata not shown), 28/43 



When the algorithm was usee dip - ««» 

. . y_ ■ i , nn . P , t i, JHcnMf^d in the top two ranked positions, 

(65%) of index varieties had both parents tonecJj .auui.^ v 

, ,/43 (26%) had one parent correctiy placed in on, of the "P two poahons, and 4/43 (9%) had 
non « of the actual parents assigned mtc the top two ranked positions. Wore, when, = 0-75 
was used, 67/86 (78%) oi'the actua! parent varices were correctly ranked ,n the top two 



positions 



_ . . : . *+u, «io^pH in lower oositions. 

and iy/S6 (ir/o) were uiuurrewjr 



When the algonthm was used «, = 099 with data front a,. 236 locr (Fig 2), then 33/43 (77%) of 
actual parental vaneties were correctly ranked in the top two positions and 10/86 (23%) had one 
parent correctly placed; all ,nde* varieties had at leas, one parent ranked in the top two posmons 

, • u .a ,t n - n 99 With n used at 0.99 then 76/86 (88%) of actual parental 

when the algorithm was used at p - U.9.A mm p 

vaneties were correctly assigned; 10/86 (12%) were incorrectly assigned. 

Table 3 presents the rarimgs, probabilities, and pedigrees of vaneties that were mcorrcctly 
assigned above a «,= parent. The largos, pedigree class (41% of eases where a non-parent rarfed 

drives of the parent tha, was misplaced at a lower ranking. The equal second large, classes 
(each representing 14% of *e cases) were for vanehes that were (a) full sibs of the true but 
mispiaced parent and (b) full sibs ofa grandparent .f the variety for winch the ped.grec was 
being tested. Other categories (percent of cases in parentheses, wore: multiple backcross verstons 
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ofthe misplaced parent (7%), a derivative of the variety or which the pedigree was being tested 
(7%), » hal F-sib of the true but lower ranked parent (7%), a full sib of the variety for which the 
pedigree was being tested (3%), and a half-sib of the variety for which the pedigree was being 
tested (3%). Insufficiently detailed pedigree information is available to categorize one variety 
(3% of cases) that ranked above the true parent 

Robustness: The quality of soybean SSR data as received from the laboratory, in terms of 
missing data and apparently non-Mendelian parent-progeny triplets, have already been presented. 
Taking these data as an initial starting point, additional levels of missing and mis typed data 
were created by simulations and used to explore robustness of ihe algorithm. 

SSR data for five index soybean varieties were used to determine the robustness of the algorithm. 
Subsets of data were created that included parameters of reduced numbers of loci, additional 
levels of missing data, additional levels of mis-typed data, and various combinations of these 
parameters. Simulated levels of missing and mis-typed data were created with a first pass 
creating missing data, followed by a second pass creating mis-typed data. Therefore, for 
example, the maximum level of cumulative error from simulated missing and mis-typed data was 
from 36 to 40%. Five varieties were chosen to represent a range of diversity in respect of both 

J rr ° c> "" t7 """ ^ nn n*mnt< or sranrinarents in common and one 

pair of varieties was related by a common parent. All varieties had parents ranked in the top two 
positions when the algorithm was run at/7 - 0.75 and p = 0.99. This selection of varieties 
therefore provides a means to establish lower boundaries for both the quantity and quality of 
SSR data that are required to avoid aberrant results. 
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Table 4 presents the probability of ancestry of the top five ranked varieties for each of five 
selected soybean index varieties (93BU, A7986, P9443, S38T8 and Young) when the algorithm 
is run using different numbers of SSR marker loci (50, 100, 150 and 236) at each of two levels of 
p (0.5 and 0.99). Using p = 0.5, the lowest percentage of parents (60%) that were correctly 
ranked into the top two positions corresponded to using only 50 SSR. Increasing the number of 
loci to 100 or 1 50 or 236 increased the ability to identify the actual parents to about 90%. When 
p was used at a level of 0.99 all parents were correctly ranked into the top two positions for each 
of the five varieties when data from as few as 50 SSR loci were used. 

Table 5 summarizes other aspeds of robustness. Namely, we simulated additional levels of 
missing, mis-typed and missing plus mis-typed data, beyond those that were inherent in the data 
as provided by the laboratory. Whcn/> was used at a level of 0.5, robustness was generally 
maintained up to an additional level of 20% simulated missing data, so long as data from 100 or 
more loci were used. Similarly, robustness was maintained for up to 20% additional mis-typed 
data so long as data from 100 or more loci were used. Likewise, robustness was maintained with 
up to 18 to 20% additional levels of data error including both missing and mis4yped data, so 
long as data from 1 50 or more loci were used. Using data for all 236 loci provided a higher level 
rt r™vmcin« c hut rhfn mhnstness collaosed when 36 to 40% cumulative additional error 
from missing and mistyped data were simulated into the analysis. The overall level ot correct 
assignation of parent varieties was higher when p was used at a level of 0.99. All parents then 
were correctly identi fied, even when data from only 50 loci were used up to an additional level 
of 10% missing data. When data from 100 or more loci were used then all parents were correctly 
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identified with up to 20% additional missing data. Robustness started to decline when the 
algorithm was applied with 10% additional mis-typed data when data from 150 or fewer SSR 
loci were used. However, robustness was maintained for up to 20% additional mis-typed data 
when data from 236 SSK loci were used. When additional levels of both incorrect data were 
applied then robustness was maintained at levels of up to 10% missing plus 10% mis-typed data 
so long as data from al least 150 SSR loci were used. Robustness was compromised when 
additional simulations of 20% missing plus 20% mis-typed data were applied even when data 
from all 236 SSR loci were used 

We then investigated the relationships of varieties to the index genotype whose pedigree was 
under examination by rerunning the analysis after both parents of the index genotype had been 
removed from the analysis. Fifteen varieties that had two or more of their grandparents profiled 
in the dataset were used for this examination. After removing parents, direct pedigreed 
derivatives of the index genotype ranked first for P9583, in the first three places for A2943 and 
in the first six places for P9561 . Once all parents and derivatives of the index genotype had been 
removed from the analysis then the following results were obtained. Predominant classes of 
varieties ranking in the top five positions were (percent of cases in parentheses): derivatives oi 
the grandparent of the index variety (32%), grandparents of the index variety (16%), derivatives 

.*s«>s „_ j u„>r t.;uc nf tKf» ind(>* variety (13%). Grandparents 

ranked among the first four positions for 10 varieties and were in the first place for five varieties. 
Great-grandparents ranked within the first seven places for three varieties, and a great-great- 
grandparent ranked in eighth place for one variety. Other varieties that ranked in the first place 
were usually closely related to the variety whose pedigree was under examination; full-sibs and 
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half-sibs were the predominant classes of relatives other than grandparents in the first ranking 
position after parents and direct derivatives of the variety under examination had been removed, 

Probability of ancestry applied to corn data: The seven index inbreds of maize were selected 
because they represented all of the inbred lines published upon by Senior et al. (1998) that had 
all of their inbred parents also included in the SSR dataset. AH of the inbred lines published by 
Senior et al. (1998) have well known and well established pedigrees that are fully provided by 
those authors. 



121068 



Table 6 presents probabilities of ancestry for the top five ranked inbreds for each of the seven 
index inbred lines at two levels of n (0.5 and 0.99). For the three progeny that were bred from 
single crosses without any subsequent use of one of the parents to make a recurrent cross prior to 
inbreeding (Mol7, Va99, and W64A) then use of the algorithm at either p - 0.5 or at/? = 0.99 
resulted in the parental inbreds being ranked in first and second positions. Use of the algorithm at 
p * 0.99 provided greater discrimination for probabilities of ancestry that were assigned to actual 
parents compared to highest ranking non-parents. This was most noticeable for the case of inbred 
Va99 which had a relatively low value when used at/> = 0.5 for parent 2 (0.5221) compared to 
parent 1 (0.9999) or to the third ranked inbred (and non-parent), Va22 (0.4252). In contrast, 
when the program was run at/? = 0.99 then parentl and parent2 for Va99 had probabilities of 1 
and u.yso^, respectively, wmi uic ptuuaunuj ui umu numuu u^uig u.^ w- 

For each of the three progeny inbreds that originated from breeding schemes that involved one or 
more additional crosses of one of their parents, using the algorithm at/? = 0.5 resulted in 
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placement of ihe respective recurrent parent with the highest probability of ancestry. Raising the 
level of v to 0.99 resulted in both parents (Bl 4 = recurrent parent and MT42 the non-recurrent 
parent) of the index inbred A632 being ranked in the Lop two places. Using this level of> also 
caused a higher ranking (third position) for the non-recurrent parent (MT42) of index inbred 
A634. Use of/? at 0.99 did not cause the non-recurrent parent (C103) of index inbred (Va35) to 
rank into the top five places. 

For the index inbred (Pa91) that was bred from a more complex cross involving four inbred 
lines, the use ofp at 0.5 or at 0.99 resulted in the two parents (WF9 and Oh40B) being ranked in 
second and third places; highest ranked was inhred Va99 (Va99 is derived from the index inbred 
Pa9l). Neither of the two remaining parents of Pa9l ranked in the top five places. 



DISCUSSION 



The current widely used North American soybean varieties are founded upon a relatively narrow 
genetic base of diversity. Gizlice et al (1994) document that the U. S. soybean germplasm base 
is founded upon 20 plant introductions and that subsequent breeding has made repeated use of 
related parents. Molecular marker comparisons of elite U. S. soybean varieties compared to a 

1« „e„ v ^ir. T/ariah'pc rfintWo the mnrlusion that there is a relative paucity of genetic 

variation in U. S. soybeans. Narvel et al. (2000) have shown that the number of alleles detected 
among the exotics was 30% greater than among U- S. varieties. Thompson and Nelson (1998) 
report that very little exotic germplasm has been incorporated into the existing U. S. soybean 
germplasm base. Examining all pairs of pedigree relationships among the 490 soybean varieties 
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employed in this study showed that approximately 50% of pairwise relationships are related at 
the level of half-sib or closer; approximately 10% of pairs are related at the level of full-sib or 
closer. This set of soybean varieties therefore provides the basis for an extremely rigorous 
evaluation of the ability of SSR data to distinguish between varieties and of this algorithm to 
identify pedigrees. Pedigree breeding, including the use of related parents, is also commonly 
applied in the breeding of maize inbred lines. The set of maize inbreds used here thus also 
provides a meaningful evaluation of the marker data to discriminate among inbred lines and of 
the joint ability of the algorithm and of the marker data to allow a determination of inbred 



the percentage of correct assignations of parents and provided a greater statistical differential for 
probabilities for parents in comparison to the highest ranking non-parents. Use of the algorithm 
at /> = 0.99 is more appropriate when it is known that the actual parents of the variety under 
examination are included among the set of index varieties. If it is not known that the parents are 
included in the index set then use of the algorithm at /» - 0.5 is more justified (Berry et al. 2002). 
For the soybean varieties, when p was used at 0.99, then 77% of all varieties that were queried 
for their parents had both parents correctly identified. Eight-eight percent of soybean parents 
were correctlv identified across 43 index varieties that were queried for their parents. All 
varieties (with the possible exception ol one variety where detailed pedigree intormation was not 
available) that ranked above true parents were related either to the mis-ranked parent or to the 
variety that was being queried for its pedigree. Our previous report of the use of an algorithm to 
determine hybrid pedigrees (Berry et al. 2002) showed a higher level of correct parental 



pedigrees 
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determinations at p = 0,99. Many of these soybean varieties have a high degree of pedigree 

that were used in the previously reported 

reiaieuncss. nuwcvci, umuj — 

study (Berry et cil. 2002) were also highly related. It is, however, likely to be inherently more 
. „ - . ^^..^^tir^rH^n+o fAiinwJny nvr.lp.sof inbreedinebecausehalfof the 

Ctiaiienmn.K u> cuntuiy iuwilhj' ^wvuw ... 0 

alleles that are segregating in the first generation following the initial breeding cross will be 
subsequently lost as recurring cycles of self-fertilization occur. Thus, many of the alleles that are 
present in a hybrid, and which can therefore contribute to the identification of its pedigree, do not 
remain present in an inbred homozygous progeny. 

We examined the pedigrees of soybean index varieties when both parents of the index had been 
zed from the set of candidate varieties. Direct pedigree descendants with the index variety 
s one parent then usually ranked higher than other varieties, including varieties that were 
grandparents or sister varieties of the index variety. When all parents and direct derivatives of the 
index variety were excluded from the analysis then the predominant classes of varieties ranking 
in the top Hve positions were derivatives of the grandparent of the index variety (32%), 
grandparents of the index variety (16%), derivatives of the parents of the index variety (16%), 
and half-sibs of the index variety (13%). The SSR data that were available to us did not allow a 
thorough or very precise assessment of how varieties with different degrees of relatedness would 



El 071 



remov 



as 



database. Nonetheless, when parents were excluded from the analysis then varieties that were 
very closely related to the index variety ranked highest. Direct descendents dependent for their 
pedigree upon the index variety, if present, tended to rise above varieties included within other 
classes of pedigree relationship to the index variety. When varieties directly descended by 
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from the index variety were also excluded then a grandparent ranked into first position 



. . „i„*a TViwt n«rfipre»e derivatives of one or more of the 

lor 337b oi trie varieties mat wta va«huhv«- — — r- — ^ 

parents of the mdex vanety had an equal level of occurrence when parents and derivatives of the 

thr: identification of grandparents will 
index variety were exemueu. ruiuw ,,.v^- & — — • - - 

require a dataset including all grandparents of each index variety and will also require a revised 
algorithm to take accounL of pedigree contributions from four vanctics as opposed to pairs of 
vaneties which forms the basis of the current inbred algorithm. 



For the maize inbred line pedigrees, use of the algorithm either at p = 0-5 or *p = 0.99 resulted 

: _ ., ;,w;fi„ti rtn nf hnth twents in all cases where the breeding scheme was an initial 

cross of two parental lines followed by subsequent cycles of inbreeding (i.e. for the inbreds 
Mol7, Va99 and W64A). The relatively high level of robustness for results with ma.ze inbreds at 
p = 0.5, in contrast to the results obtained from analyzing soybean data (where 56% of varieties 
had both parents correctly identified when p = 0.5 was used) could be accounted for by the 
smaller sample size of maize inbreds and by the lower degree of mean pedigree relatedness 
amongst this selection of inbred lines in comparison to the soybean vanet.es. Thus while several 
inbred lines in this set are closely related, there remain many inbreds that have little or no 
pedigree relationship (Senior et ai 1998). 

The inbred algorithm correctly identified both parents of the three maize index inbreds that had 
been bred from bi-parental crosses that involved equal contributions (by pedigree) from both 
parents. For the three bi-parental crosses that involved subsequent additional crosses of the 
recurrent parent (and thus significantly biased contributions by pedigree to the index variety 
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from the recurrent parent) then use of the algorithm correctly identified each of the recurrent 

iwrntq The algorithm was unable to identify the non-recurrent parent in most cases, but this 

i — 

result would be expected because one backcross reduces the expected pedigree contribution of 
the non-recurrent inbred to 25%. More generations of backcrossing using the recurrent parent 
then further reduce the expected pedigree contribution of the non-recurrent parent by half at each 
generation (successively to 12.5%, 6.25%, 3.125%) with the pedigree contribution of the 
recurrent parent rising accordingly. Since several inbred lines of maize are related by pedigree 
then it is not surprising that the level of pedigree or SSR similarity of a non-recurrent parent to 
the index progeny can fail below other inbred lines that arc related to the index variety. The 
algorithm was not able to preferentially identify parents of the inbred line Pa91, which was bred 
from a comp iex breeding scheme involving four parents with equal contributions by pedigree. A 
more suitable algorithm is needed to take account of four way crosses. However, such a need is 
primarily academic because most breeding crosses in commercial maize breeding, and indeed for 
most crops, are bi-parental. 

These soybean data had a mean of 5.5% missing data per variety and a mean of 1.1% loci where 
a progeny was scored with an allele that was not also scored in either or both parents. Such 
apparent non-Mendelian or exclusionary profiles can be due to pollen contamination during 

— ft,*. r,M nr Iflhnmtnrv. scorine errors in the laboratory (e.g. 

g +A, predominant stuttering, spectral pull-up, secondary binding sites or polymer spikes), 
incorrect pedigrees. Another source of apparent exclusion is through the use of a seed source 
parent that is still heterogeneous due to inbreeding being incomplete. Cycles of inbreeding 
then continue so that when those seed sources are used in the future as sources for SSR profiling 
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to represent the parental genotype they will have lost alleles due to inbreeding that have already 
beer, passed on to a progeny. AUernafply, residual heterozygosity within seed sources can result 
in low frequencies of heterozygotes or off-type segregants which may, by chance, be sampled in 
the progeny, but not sampled in the parent. In this study we sampled six plants to represent the 
variety which may be insufficient to capture alleles existing at low frequencies within the seed 
source. And even if the allele was sampled, it may not have been detected following PCR 
amplification due to predominance of the most frequent allele and allelic competition effects, 
Hal! (2002) has also reported the occurrence of apparent non-parental SSR alleles. Mutation can 
also affect SSR profiles. Vigouroux et al. (2002) have estimated mutation rates of 7.7 x 10" 1 per 
generation for dinucleolide SSRs and an upper 95% confidence limit of 5.1 x 10" 5 forSSRs with 
longer repeat units. A level of error or discrepancy in expected SSR profiles arc thus inevitable 
for some, if not all crop plants. We therefore evaluated the robustness of the algorithm and 
dataset by rerunning the algorithm using datasets that were simulated to have up to 20% 
additional levels of missing plus 20% mis-typed data beyond the level that was received from the 
laboratory. The algorithm maintained its initial level of robustness with up to an additional level 
of 10% both missing and mis-typed data, provided data from at least 100 SSR loci were used. 
Fewer loci (60) were capable of retaining this degree of robustness in the evaluation of the 
hybrid pedigree algorithm using maize hybrids (Berry et al. 2002). The loss of parental alleles 

'— r»tfl.nti^rt in i nvKrirt nrnoprw 

compared to its parents, probably underlies the need to use data from a greater number of loci to 
maintain robustness for the inbred algorithm as compared to the hybrid algorithm. 
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It was anticipated that determination of pedigrees following cycles of ^breeding might be more 
challenging to accomplish than to define pedigrees of hybrids where the total nuclear genetic 
contribution* of both parent, are preserved. Nonetheless, these results show that the algorithm 
can be used effectively to identifying parents of mbred genotypes. Nearly 90% of soybean 
parent, were identified. This is a set of genotypes wh.ch, due to the relatively narrow founder 
base and subsequent cycles of development through the use of related crosses, provides an 
extremely rigorous test of the algorithm and of the discriminatory power of the marker data. 
Supplementary data also show the capability of the algorithm to identify parents of maize inbreds 
that have been developed in a pedigree system using two parents. Use of this algorithm with 
currently available codominantiy expressed molecular marker data has also been shown to have 
practical feasibility because of the high degree of robustness that is evident and which extends 
well beyond the realm of aberrant or unexpected marker data that is encountered. These types of 
error or unexpected marker data can include laboratory error, sampling effects or the use of 
different seed sources for the actual parental source compared lo a more inbred source that 
becomes available later to represent the parental genotype. This algorithm has application in a 
number of fields, including conservation biology, population genetics, and to assist in the 
protection of intellectual property nghts. 
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Table 1 . Calculations of ancestry for homozygous index inbreds 
for example of genotype aa. 
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Cases that must be considered 
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is any allele different from a, but not missing 
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Table 2. Probability of observing the index [P(SSR\iJ)] assuming inbreds / and J are ancestors: 
Calculations for SSRs 1 to 6. 



SSR 


P(SSR\iJ) 


1 


p ! (4/4) + p(l-p)(l/2+l/n*1/2) + p(I-p)(I/2+J/tiV/2) + (!-p/(l/n) 


2 


p-(3/4) + p(l~p)(J/2+l/n*l/2) + p(l-p)(l/2*J/2+l/n*l/2) + (7- 


i 


^Vi/^J + pfl-p)f!/2+!/n*l/2) + p(!-p)(l/n*l/2) + (J-p)*(l/ri) 


-r 


ff(2/4) \-p(!-p)(l/2*l/2+I/n*l/2) + P (l-p}(]/2* 1/2 + Un*l/2) +■ (7- 

n)-V7/n I 


1 1 


/(7/4; + p(l-p)(l/2*l/2+!/n*I/2) + p(l-p)(l/n*l/2) + (l-pf(Vn) 


6 

i . 


p'(Q/4) t p(l-p)(J/n*J/2) + p(l-p)(l/n*l/2) + (l-pf(l/n) 



The four terms in each case are in order of the four possibilities when inbreds / and > arc 
ancestors: (1) the alleles of both / and were passed to the intermediate hybrid, (2) i came 
through but not j\ (3); came through but not i, and (4) neither came through. Missing alleles are 
not considered. 
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Tab, 3. ^ mks 0{ mry and pedigrK rdat|onsh . s fw ^ ^ ^ ^ 
parents aid not rank above non-parents. 

Case no. Index variety Rank oZZTTt ■ — ■ 

2 Full sib of parent 1 q 58? ? 

U.4124 

2 /f#tfi i p 3rer ,, t 

0 w , 7 °- 9<)77 

1 Multiple backcross of parent 2 0 7999 

3 Parent 2 q.1999 

3 ^5£j l parent, t 

2 Derivative of parent 2 0.9956 

3 Multiple backcross of parent 2 0.0034 



Derivative of Parent 2 



0.0006 



5 Half Sih nf Ad^Q* 

"+-^^ u.uuu4 



6 Parent 2 



0.0001 



Hark I !">„,-_,., i 

- «— ■- i i ^rciii i | 

2 Derivative of parent 2 j 

3 Derivative of parent 2 2. 1 E-09 

4 Derivative of parent 2 1.4E-09 

5 Derivative of Hark 3.1E-10 

6 Derivative of parent 2 i i£. 13 

7 unknown 3 ' 8£ _, 5 

8 Derivative of parent 2 4.6E-17 

9 Derivative o f parent 2 4.7E-2 1 

1 0 Parent 2 yj^ 9 , 

* e " r 1 Parent 2 l 

2 Denvative of parent 1 0.9990 

3 Derivative of parent 1 0 001 1 

4 Parentl 3.0E-04 
P9583 1 ParentI 

3 Parent 2 0 n99 

W7 I p ar e nt 2 j 

2 Derivative of P964I t 

3 Parentl 3.7E-06 



•^0/2 I Parent 1 



2 Derivative of parent 2 0.9321 
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YB30K01 



10 



YB41Q01 



1 
2 
3 
4 
5 
6 
7 
8 

9 

I 
2 
3 
4 



Parent 2 


0.0679 


Parent 2 


1 


Half sib of parent 1 


1 


Full sib of parent 2 


7.9E-09 


Half sib of Darent 7 

■* A >-* • V V* L' 111 wilt il» 


1 ir Art 


Full sib of grandparent 

riPHVJh'vonrn^ont 1 


1.2E-10 


Full sib of parent 2 


3.0E-1 i 
2.0B-11 


Full sib of grandparent 


8.7E-12 


Parent 1 


UE-12 


Parent 2 


1 


Full sib of parent 1 


1 


Full sib of grandparent 


7.3E-05 


Full sib of grandparent 


4.1E-09 


Parent 1 


9. IK- 10 



lUL ^ vane[,es wnere *>th parents were ranked first and second are not included 
in this table (see Figures 1 and 2). 
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Table 4. Probability of ancestry for five individual soybean varieties using SSR data obtained 
from different numbers of loci (50, 100, 150, 236). 
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Attorney Docket No. 1326 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Vladimir Puskaric Date: March 14, 2003 

Serial No,: 09/759,749 Group Art Unit: 1638 

Filed: January 12, 2001 Examiner: Ashwin D. Mehta 

For: "INBRED MAIZE LINE PH5TG" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 

OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD., do hereby declare and say as follows: 

1 . lam skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc. in the Conservation and Utilization cf Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 

2. This declaration is in response to the Examiner's rejection under, 35 U.S.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over 
Segebart (U.S. Patent No. 6,137,036). 

3. I have conducted an analysis of SSR marker data for inbred PH5TG and the 
inbred cited as prior art, PH2VK. Out of a total of 168 SSR loci examined, which allowed 
a sampling of each chromosome, there are 98 markers that show differences between 
PH5TG and PH2VK. This represents a difference for 58% for the markers tested. Of 
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these 98 markers, 35 were greater than 50 cM in distance, or unlinked on the genetic 
map. 

4. Upon crossing PH5TG to any other maize line and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 

i«i,r.^/4 ™~t-*~ m->+ mtnmr- nDnotir. r-rtntrihi iti^rt frnrn PH^Tf^ Aisnminn that tW thp 

II iui cu 1 1 ia>^-<? in IV u icu iwiun it) y 1.1 lutiu u«i m iwwmvi t 11 1 > .ww — .. v/ -.. 

cited prior art is used as the maize line to which PH5TG is crossed, (ii) that the only 
difference between PH5TG and PH2VK are these 98 markers, and (iii) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH5TG 
progeny inbred that is the same as PH2VK after one cycle of breeding, is 1 in 2 35 or 1 in 
34,359,738,360. Statistically it is extremely unlikely that a PH5TG progeny, after one 
cycle of breeding, would be the same as PH2VK. 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH2VK from PH5TG. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers. In doing so, one extrapolates 
that a percentage difference in markers is indicative of a difference in the whole genome. 
TO assume that the only differences between PH5TG and PH2VK are for these 98 
markers, when 98 markers constitute 58% of the 168 SSR loci examined, is a gross and 
unrealistic assumption. Further the current maize genetic map only has approximately 
sixty 5QcM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result in an over estimate of the odds of breeding 
PH2VKfrom PH5TG. 

6. Given the difference in molecular markers between PH5TG and PH2VK, it is my 
expert opinion that PH5TG and PH2VK are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH5TG 
develooed throuqh crossing PH5TG with another plant will be distinct from PH2VK. 

invention as claimed is not obvious nor anticipated by Segebart (U.S. Patent No. 
6,137,036). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such wiiifui fatse statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Stephen Smitl 
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